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APPARATUS AND METHOD FOR ALIGNING
CAPILLARY COLUMN AND DETECTION
OPTICS

This patent application is a 371 of international applica-
tion PCT/US92/08589 filed on Oct. 8, 1992, which is a
Continuation-in-part of U.S. patent application Ser. No.
07/772,997 filed on Oct. 8, 1991, now U.S. Pat. No. 5,208,
466.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to optical detection of
macromolecular components separated in a capillary col-
umn, and more particularly to the alignment of the capillary
column with the detection opfics.

2. Description of Related Art

Macromolecules of a biological sample can be separated
in a capillary column by means of several techniques. One
of the techniques is capillary electrophoresis in which a
sample is separated in a capillary channel by application of
a high electric potential along the capillary channel. The
sample separates into zones of macromolecule species as a
result of different mobilities within the separation medium
that are inherent to the macromolecules, depending on their
electric charges, sizes, and shapes.

The separated zones can be detected by several tech-
niques. One of many optical detection techniques is laser
induced fluorescence detection. Reference is made to U.S.
Pat. No. 4,675,300 to Zare et al for a detailed description of
the detection technique. In general light from a laser source
1s passed through a section of a capillary separation channel

to cause the separated sample components which were
tagged with fluorescent material prior to, during or just after

separation to fluoresce. The fluorescence may be detected
with high sensitivity. High sensitivity and maximum reso-
lution are achieved by concentrating the laser beam into a
narrow spot which interrogates a short section of the capil-
lary separation channel defining a small detection volume. A
typical size for the spot is on the order of 50 microns or less
for a separation channel having a diameter of the same order
or larger.

Like any other optical detection scheme, maximum sen-
sitivity 1s achieved for laser induced fluorescence detection
only when the entire configuration of the laser beam, cap-
illary separation channel and optical elements are properly

aligned. A critical component of proper optical alignment is

the positioning of the capillary detection volume with
respect to the laser beam. Because typical detection volumes
and capillary dimensions are extremely small, misalignment
of the capillary channel and the laser beam by only a few
microns may seriously degrade detector performance.

It 1s difficult to correctly position the capillary in the laser
beam to achieve perfect alignment, and to maintain this
position once it is achieved. Factors compounding this
difficulty include the requirement that capillaries be readily
replaceable, the fact that the capillary may flex under
application of high electric fields, and the fact that alignment
may drift as a result of thermal fluctuations. The exact cause
of the capillary motion is uncertain. One suspects that the

charge distribution in the capillary channel accompanied by

time-dependent changes in the electric field at the inside
walls of the capillary column may be part of the cause.

One current approach to aligning an open-tube capillary
(filled with electrolyte solution as opposed to packed cap-
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illary which are filled with gel electrolyte or the like mate-
rials) prior to an electrophoresis run is to pump into the
capillary a fluorescent solution and adjust the alignment
while monitoring the fluorescence with either a photomul-
tiplier tube or a photodiode. Alignment is considered
achieved when the fluorescence intensity is at a maximum.

The above-described means of alignment is applicable
only to open tube capillaries, i.e. filled only with liquid
electrolyte, not gel, since fluorescent solution cannot be
effectively pumped into a gel-filled column before alignment
and later completely removed from the gel after alignment.
This means also 1s undesirable in an open tube because it is
often difficult or impossible to completely remove the fluo-
rescent material from the capillary inner walls afterwards.
Furthermore, there is no provision for performing dynamic
alignment during an electrophoretic process. Since the cap-
illary column may misalign laterally under thermal fluctua-
tion or the high applied electric potential, there is no way of
knowing when the alignment has drifted away from opti-
mum during an electrophoresis operation.

SUMMARY OF THE INVENTION

The present invention is directed to an apparatus and
method for aligning a capillary channel with respect to a
radiation source by observing one or more light pattemns
formed by the capillary. In one aspect of the present inven-
tion, alignment is effected by relying on the distinctive and
reproducible radiation scatter pattern produced at the inter-
face between the capillary channel wall and-the capillary
content. In another aspect of the present invention, align-
ment 1S effected by relying on the distinctive and reproduc-
ible transmitted beam pattern observed after passage through
the capillary. In a further aspect of the present invention,
alignment is effected by relying on the distinct shadow cast
on a plane by an element in the optical system. These
methods described herein do not require the presence of
fluorescent material and are applicable to both open-tube
and gel-filled capillaries. The alignment procedure can be
performed at any stage of a process, e.g. during electro-
phoresis, that requires proper alignment of a capillary chan-
nel with respect to a radiation source.

In the first aspect of the invention, radiation from a source,
e.g. a laser beam, is focused into the capillary separation
channel. Looking through a microscope objective, the cap-
1llary is moved laterally with respect to the radiation source
until a distinct scatter pattern is observed originating from
the interface between the capillary inside wall and the
capillary content in a diametral plane in a perpendicular
direction to the laser beam. In the second aspect of the
invention, alignment is determined from the far field image
of the transmitted beam pattern. The distinct beam pattern
formed by the laser transmitted transversely through the
capillary corresponding to optimum alignment is observed.
In the third aspect, the scattered radiation from the capillary
is collimated and utilized to cast a shadow on a scatter
blocking strip. The specific shadow corresponding to opti-
mum laser/capillary alignment is observed.

Photosensors may be employed to detect any one of the
light patterns described above. The output of the photosen-
sors may be applied to control a servo mechanism which
adjusts the lateral position of the capillary separation chan-
nel with respect to the laser beam to obtain the pattern
corresponding to optimum optical alignment. In other
words, the photosensors provide feedback on the alignment
condition to accomplish dynamic alignment whereby the
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alignment is continuously monitored, corrected and
tained during electrophoresis operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diametral sectional view of a capiliary tube.

FIG. 2 1s a schematic of a capillary electrophoresis
apparatus with laser induced fluorescence detection.

FIG. 3 i1s a diametral sectional view of the detection
section of the capillary tube.

FIG. 4 is a sectional drawing indicating the various
positions of the laser beam optic fiber with respect to the
capillary separation channel.

FIG. 5 represents the scatter patterns observed under a
microscope objective for the various positions in FIG. 4.

FIG. 6 is a schematic drawing of the dynamic alignment
apparatus of the present invention.

FIG. 7 is a diagram showing the image plane at the
aperture plate.

FIG. 8 represents the image of the scatter observed at far
field without using a microscope objective.

FIG. 9 represents the transmitted beam pattern observed
diametrally across the capillary tube.

FIGS. 10A-C shows the appearance of the transmitted
beam as the laser beam is translated across the capillary
tube.

FIG. 11 1s a schematic of another embodiment of dynamic
alignment apparatus.

FIG. 12 1s a circuit diagram of one embodiment of a
feedback control.

FIG. 13 is a schematic diagram of fluorescence collection
and collimation using a paraboloid reflector.

FIGS. 14A-C are images showing the shadow of the
blocking strip at various positions of the laser beam with
respect to the focus of the paraboloid reflector.

DESCRIPTION OF THE ILLUSTRATED
EMBODIMENT

The following description is of the best presently con-
templated mode of carrying out the invention. This descrip-
tion is made for the purpose of illustrating the general
principles of the invention and should not be taken in a
limiting sense. The scope of the invention is best determined
by reference to the appended claims.

While the present invention is described hereinbelow in
reference to laser induced fluorescence detection in capillary
electrophoresis, it is however understood that the present
invention 1s not limited to such application but is applicable
to alignment of a capillary channel and a radiation source in
other contexts as well.

A capillary tube 10 is shown in diametral sectional view
in FIG. 1. The tube defines a cylindrical separation channel
12 of capillary dimension on the order of 5-500 micron,
typically less than 200 micron. The cylindrical wall 14 of the
capillary tube 10 can be made of glass, fused silica, or
organic material such as teflon. To strengthen the capillary
tube, a polyimide coating 15 is bonded to its external
surface. The capillary tube 10 is generally flexible, i.e. can
be bent onto smooth curves.

FIG. 2 illustrates a schematic arrangement of a capillary
electrophoresis apparatus 16, and more particularly one in
which detection is accomplished by laser induced fluores-
cence. The two ends of the capillary tube 10 are submerged
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4

in electrolyte 18 contained in reservoirs 20 and 21. A high
voltage power supply 24 capable of applying a high electric
iteld (typically 1-30 KV) is electrically connected to the
electrolyte 18 in the reservoirs 20 and 21 using electrodes 22
and 23. The separation channel is filled with a separation
support medium which may be a electrolyte solution, gel
electrolyte or other suitable conductive media. Prior to

electrophoresis, a sample to be electrophoretically separated
is injected into one end of the separation channel 12. This

can be done by any number of conventional techniques.
With the two ends of the capillary tube 10 dipped into the
clectrolyte 18, the high voltage power supply 24 is turned on
to cause electrophoresis of the sample which results in
separation into its components.

In order to be able to detect fluorescence of the separated
components of the sample, it is tagged with a fluorescent
material such as fluorescein. For laser induced fluorescence
detection, a laser 26 1s used as the excitation source. The
laser 26 can be, for example, an air cooled argon ion,
helium-neon laser or helium-cadmium laser having an out-
put 1n the range of 0.2-100 mulliwatts. A 50 micron optic
fiber 28 can be used to direct the laser output to a detection
section along the capillary tube 10, or a lens may focus the
beam directly into the capillary (not shown). At this section,
the polyimide protective coating 15 has been removed to
allow the laser light to penetrate the capillary wall 14 to the
separation channel 12 (see FIG. 3). Instead of using a laser
source, other radiation sources can be used to excite fiuo-
rescence of the fluorescent tags in the sample components.

The laser beam is directed at 90° to the axis of the
capillary tube 10. When the sample components pass by the
laser beam, they are caused to fluoresce and a photomulti-
plier tube 30 may be positioned orthogonal to the capillary
tube 10 as well as the optic fiber 28 to detect the fluores-
cence. The time of detecied fluorescence indicates the rela-
tive migration rates of the separated components which
allows i1dentification of the components. Also, by seleciing
different fluorescent tags for the sample, separated compo-
nents can be identified. /

Besides fluorescence, the laser beam causes light scatter-
ing at the capillary tube. The term “scatter” as used herein
also 1ncludes light reflection, refraction, diffraction, and
other mechanisms by which light deviates from its incident
direction as it encounters a change in matenial or refractive
index in its path. The scattered light is in all directions but
not necessarily in the same intensity and the strongest
component is in a plane orthogonal to the axis of the
capillary tube 10. Specifically, the internal and external
interfaces at the capillary walls cause scattering 32 of the
laser beam in all directions in a plane perpendicular to the
capillary tube. Referring to FIG. 3, the diametral section of
the detection section of the capillary tube 10 is shown in
detail. Because of changes in refractive index at the inter-
faces 34 and 35 between the outer capillary surfaces and air,
and the interfaces 36 and 37 between the inner capillary
surface and the contents in the capillary channel 12, the laser
beam is caused to scatter at these interfaces. One can readily
realize that light will scatter from the four locations 34 to 37
identified in FIG. 3 when the laser beam is aligned with the
diameter of the capillary tube 10, i.e. in the diametral plane.
This becomes one basic premise of the present invention.

Researchers in the past have intentionally avoided the
effect of light scatter in fluorescence detection. No one has
advantageously made use of the distinctive and reproducible
scatter originating from the capillary walls as shown in FIG.
3. The present invention makes use of this distinctive and
reproducible scatter pattern to indicate optimum alignment
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of the radiation beam and the separation channel. To aid in
further description of the invention, a coordinate system is
defined in FIG. 3. The axis of the capillary tube is along the
X-axis, the laser beam 1s along the z-axis perpendicular to the
capillary tube, and the y-axis is perpendicular to both the x
and z axes.

Using a microscope objective 62 (FIG. 4) along the Y-axis
focused on the diametral plane, the scatter patterns observed
in the Y-axis at various stages of alignment are represented
in FIG. §, i.e. the scatter patterns produced when the laser
beam is positioned at various locations A-E with respect to
the capillary tube along the arrow 29 in the y-axis. Positions
A-E are indicated in the sectional drawing in FIG. 4. Each
scatter band shown in FIG. 5 originates from the interface
between the capillary surface (inner or outer) and the adja-
cent medium (air or separation support medium). At position
A, the laser beam does not hit the capillary tube 10. At
position B, the laser beam hits the capillary tube 10 but is not
aligned with the center of the capillary tube 10. A bright
band 50 of light is observed at the left (FIG. 4) top outer
surface 40 of the capillary tube 10 and a less bright band 51
1s observed at the left upper inner surface 41 of the capillary
wall 14. Because of the angles between the lower inner and
outer surfaces 42 and 43 of the capillary wall with respect to

the laser beam, the scatter bands 52 and 53 at these surfaces
are less noticeable.

At position C, the laser beam is aligned with the center of
the capillary tube (the diametral plane), i.e. the optimum
alignment position for laser induced fluorescence. In this
posttion, two sharp and bright bands 54 and 55 are observed
at the upper and lower inner surfaces 44 and 45 of the
capillary walls. Two other bright bands 56 and 57 are
observed at the outer surfaces 46 and 47 of the capillary
walls. Since the microscope objective is focused on the
diametral plane of the capillary tube, the bands 54 and 55
appear to be brighter and sharper than the bands observed
when the capillary tube is not at optimum alignment.

At position D, scatter bands 58 and 59 are observed at the
lower 1mner and outer surfaces 48 and 49 of the capillary
wall in a reverse pattern as that observed at position B. At

position E, the laser beam is again out of range of the
capillary tube 10 as at position A.

It 1s noted that the scatter patterns shown in FIGS. 3 and
S are the images observed under an objective lens focused at
the diametral section of the capillary tube. It is understood
that when the scattered light is viewed at far field without an
objective lens the 1mage of the scatter appears as a strip 90
perpendicular to the capillary tube (FIG. 8).

Referring to FIG. 6, one embodiment of the apparatus for
alignment 1s schematically illustrated. The optic fiber 28
which transmits the laser beam is supported by a micropo-
sitioning mechanism 60 which allows adjustment of the
optic fiber 28 along the x and y axis. A microscope objective
lens 62 focuses on the diametral plane of the detection
section of the capillary tube 10 which is illuminated by the
laser beam through the optic fiber 28. (The capillary tube 10
18 perpendicular to the plane of the drawing in the x-axis.)
The image of the detection section is focused onto an
imaging plane defined by a plate 64. The plate 64 has an
aperture 65 as shown in FIG. 7. The image of the scatter
bands 54 and 35 originating from the upper and lower inner
surfaces of the capillary wall are focused on the upper and
lower edges 67 and 68 of the aperture 65. The aperture 65
allows the passage of most of the fluorescence from the

capillary separation channel to pass onto a photomultiplier
tube 70 while blocking off the scatter bands 54 and 55 as
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well as any scatter bands 56 and §7 originating from the
outer capillary surfaces. The alignment of the optic fiber 28
with respect to the capillary tube 10 is optimum when the
scatter bands 54 and 3§ appear to be sharp and of nearly
equal mtensity (or of a particular intensity ratio depending
on calibration) at the edges of the rectangular aperture.
Accordingly, the source scatter which is generally regarded
as an unwanted source of background signal in laser induced
fluorescence is applied to optimize optical alignment. The
alignment method described above simply uses the well
defined radiation scatter pattern to optimize optimal align-
ment while simultaneously eliminating the scatter from the
fluorescence signal.

It was observed that the alignment may change as a result
of thermal fluctuations or high electric field applied to
subject the sample to electrophoresis. The latter is perhaps
due to the electrical tension ‘within the capillary tube 10
causing the capillary tube to flex, or the static electrical
interaction between the capillary tube and the optic fiber 28.
There 1s therefore a need to dynamically realign the optic
fiber 28 and the capillary tube 10 during electrophoresis.
Dynamic realignment can be made possible by placing a
photosensor 76, 78 near each edge 67, 68 of the rectangular
aperture 65 where the scatter bands are expected to be
focused at optimum alignment. The signals from the pho-
tosensors 76 and 78 are input to a controller 80 which
controls the movement of a servo or stepper motor 82 which
translates the optic fiber 28 in the y-direction. The controller
causes the motor to search for the optimum alignment
position which is achieved when both photosensors 76 and
78 detect scatter bands 54 and 55 and that both bands are
detected to be of the same intensity (or a particular intensity
ratio depending on calibration). The circuit and logic of the
controller 80 are apparent to one skilled in the art given the
desired alignment function to be accomplished, and there-
fore will not be elaborated here. It is understood that
provision has to be made to calibrate or balance the

responses of the two photosensors due to manufacturing
tolerance.

It has been found that the most critical alignment of the
optics for detection purposes is between the laser beam, i.e.
optic fiber 28, and the capillary tube 10. The focusing of the
capillary tube 10 with respect to the microscope objective 62
18 not as critical as the alignment between the laser beam and
the capillary tube 10. The fluorescence detection system is
relatively less sensitive to focusing of the capillary tube 10
with respect to the microscope objective 62 than the align-
ment of the capillary tube 10 with respect to the laser beam.

The signals from the two photosensors 76 and 78 provide
feedback to auntomatically adjust the alignment of the cap-
illary tube 10 and the optic fiber 28. It is possible to add
additional photosensors along the edge of the aperture to
provide feedback to automatically adjust the focusing of the
microscope objective.

The photosensors and aperture combination serves a dual
role here. The aperture plate acts as a spatial filter, physically
blocking substantially the scatter bands in passing the fluo-
rescence from the capillary contents to the photomultiplier
tube 70. The photosensors provided on the aperture plate
provide a means of feedback used to automatically align the
laser beam and the capillary separation channel. It is noted
that with the present method, it is not necessary to have
fluorescent sample present in the detection volume during
alignment. In fact, alignment may be maintained continu-
ously during electrophoresis. Because alignment is based
upon proper imaging of the source scatter pattern, rather
than sample fluorescence, it is possible to optimize the
alignment of gel or other stabilizer filled capillaries.



5,534,707

7

Another method of alignment relies on a transmitted beam
pattern observed diametrically across the capillary tube 10
from the incident laser beam. Referring to FIG. 6, an
imaging plane 92 positioned perpendicular to the direction
of the laser beam and paraliel to the capillary tube 10 will
image a pattern of the transmitted laser light after passage
through the capillary as well as scattered light. This trans-
mitted beam may include a relatively small component of
fluorescence from the content in the capillary tube. FIG. 9
represents the pattern observed when there 1s alignment of
the capillary tube with an orthogonal laser beam. For gel-
filled capillaries (the image difters slightly for open tube
mode of operation but 1s very similar), there 1s a bright
clongated elliptical spot 94 symmetrical and centered sub-
stantially about the axis of the laser beam. This spot 94 1s
believed to be produced by the “lens™ action of the capillary
and the separation support medium therein, which function

essentially as a cylindrical lens, on the transmitted laser

beam. This bright spot 94 is superimposed on the far field
scatter image (see FIG. 8 and discussion in connection
therewith) which 1s less intense than the transmitted beam
spot 94. On both sides of the bright spot 94 are the
symmetrical images 96 and 98 of light scattered from the
capillary tube. It has been observed that when the capillary
tube is out of alignment, the-resultant image will appear to
deviate from the symmetrical image shown in FIG. 9.
Specifically, when the laser beam 1s moved in the positive
y-direction relative to the capillary tube, the spatial distri-
bution of the intensity of the bright spot 94 or the “ends” of
the bright spot 94 appear to move in the opposite direction
(negative y-direction), as one would expect to be the imag-
ing behavior of a convex lens (capillary tube in this case).
Accordingly appropriate photosensors 97 and 99 can be
positioned on the image plane 92 to monitor such behavior
to maintain alignment. The outputs from the photosensors 97
and 99 can be used as feedback for automatic alignment.

FIGS. 10A-C show the appearance of the beam pattern as
the laser beam 29 1s translated across the capillary tube 10.
When the beam 29 is focused at the center of the capillary
tube 10, the beam pattern 94 1s quite symmetrical and the
two photosensors 97 and 99 are receiving similar amounts of
radiation. As the beam 29 is translated away from the
capillary center (FIGS. 10A and C) an optical imbalance is
created as the brightness of the spot 94 is no longer sym-
metrical. In FIG. 10A, the spot 94 is brighter at the end
closer to the photosensor 99, and in FIG. 10C, the spot is
brighter at the end closer to the photosensor 97. The differ-
ential photosensor response i1s the signal used to continu-
ously servo the focus of the laser beam 29 into the center of
the capillary tube 10 as described below.

FIG. 11 shows a schematic of an alternate embodiment of
an automatic alignment device. In this device, instead of
translating the optical fiber 28 carrying the laser beam as in
FIG. 6, the plano-convex lens used to focus the laser beam
directly into the capillary is being translated. The laser beam
29 from the laser 26 is focused at the capillary 10 by
plano-convex lens 120. The lens 120 is supported on a
positioner (not shown in the schematic) which is coupled to
a linear DC-motor 122 (obtained from Oriel; Motormike”
series) for translational movement in the y-direction (or
alternately slight tilting movement of the lens) to focus the
laser beam 29 at the center of the capillary tube 10. It is
noted that other linear-actuators such as piezoelectric device
or clectromagnetic voice coil device suitable for small
distances may be used. At the image plane 92, the photo-
sensors 97 and 99 detect the relative intensity of the trans-

mitted beam and feedback signals to the motor controller
124,
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FIG. 12 shows one embodiment of a circuit of the
controller 124. A non-inverting audio amplifier 124 is used
to drive the lens 120. The circuit 1s balanced with the laser
beam passing through the center of the capillary as shown
FIG. 10B. An imbalance 1in light intensity between the two
photosensors causes the lens positioning motor 122 to
translate the lens 120 to focus the laser beam 29 toward the
center of the capillary tube 10 to obtain a balanced point.
The rate at which the lens is translated is proportional to the
differential light intensity (V,,,~{Rcapact/Rinpust Y in)- T
pots 126 and 128 are provided in the circuit for oifset
correction of the bias voltage from voltage regulators 132
and 134. A trim pot 130 is provided to balance the signals
from the photsensors 97 and 99 to account for inherent
nonsymmetry between the photosensors or in the spot 94.

Using the circuit described above, it has been found that
at least a misalignment on the order of plus and minus 150
um can be corrected for a capillary having 365 um O.D. and
100 pm 1.D.

It is noted that the distance between the photosensors 97
and 99 is determined by the size of the capillary tube used,
the distance of the image plane 92 from the capillary tube,
the position of the beam focus along the z-axis, and the
contents of the capillary, as these factors afiect the size of the
elliptical spot 94.

One can appreciate that additional photosensors may be
positioned at the image plane 92 space apart in the x-axis on
the sides of the elliptical spot 94 for purposes of aligning the
position of the laser beam in the x-direction.

A further embodiment of capillary/laser beam alignment
is described. FIG. 13 shows laser-induced fluorescence
detection for capillary electrophoresis in which a paraboloid
reflector 100 is utilized to efficiently collect and collimate
the fluorescence emissions from a sample in a capillary 10
for detection by a photomultiplier tube 102. See copending
U.S. patent application Ser. No. 07/772,823 (now U.S. Pat.
No. 5,484,571) which is commonly assigned to the assignee
of the present invention and is incorporated by reference
herein. The capillary tube is positioned to pass through the
focus 104 of the paraboloid. There is a strip 106 of material
provided across the mouth of the paraboloid to block scatter
from the capillary in the plane perpendicular to the capillary.
In order for proper collimation of the finorescence emission
from the capillary detection section, the laser beam 108
should be directed at the focus of the paraboloid. Once the
lateral alignment of the laser beam and the capillary column
have been achieved as described above, alignment of the
laser beam 108 with the capillary detection section at the
focus of the paraboloid 1s determined by looking at the
shadow of the blocking strip 106 at a plane 105 across the
collimated light 110 in front of the filter 107.

Referring to FIGS. 14A-C, When the laser beam is
aligned with the focus of the paraboloid, the image of FIG.
14B is observed. The shadow of the blocking strip 106
appears as two disjointed dark sections 112 and 114 with the
background of the scattered light. The reason for the dis-
jointment in the shadow 1s not understood. If the laser bea
is translated upwards in the x-direction from this aligned
position, the dark sections 112 and 114 will bow downwards
as shown in FIG. 14A. If the laser beam 1s translated in the
opposite direction from the aligned position, the dark sec-
tions 112 and 114 will bow upwards as shown in FIG. 14C.
Accordingly, by observing the image in the collimated
beam, one can determined that the laser beam is aligned with
the detection section of the capillary at the focus of the
paraboloid. One can also determine the FIG. 14B alignment




5,534,707

9

position by checking the photomultiplier signal (with the
image plane 105 removed) which will be a minimum when
the FIG. 14B image is achieved.

It 1s understood that the alignment of the laser beam with
the focus of the paraboloid can be performed first and then
the lateral alignment of the laser beam with the capillary
column.

While the invention has been described with respect to the
illustrated embodiments in accordance therewith, it will be
apparent to those skilled in the art that various modifications
and improvements may be made without departing from the
scope and spirit of the invention. Accordingly, it is to be
understood that the invention is not to be limited by the
specific 1llustrated embodiments, but only by the scope of
the appended claims.

1 claim:

1. An apparatus for aligning a capillary with respect to a
radiation source comprising:

a capillary tube defining a capillary channel;

radiation means for illuminating a defined section of the

capillary channel, the illumination from the radiation
means coupled into the capillary tube via a lens move-
able by an actuator and the illumination from the
radiation means interacting with the capillary tube to

produce a distinct light pattern at an image plane
outside the capillary tube; and

alignment means comprising the actuator for aligning the
capillary channel with respect to the radiation means
based on the distinct light pattern.

2. An apparatus as in claim 1 wherein the alignment

means comprises detection means for detecting the distinct

light pattern.

3. An apparatus as in claim 2 wherein the alignment
means further comprises control means for controlling align-
ment of the capillary channel with respect to the radiation
means based on feedback from the detected light pattern.

4. An apparatus as in claim 3 wherein the illumination
from the radiation means interacts with the capillary tube to
produce a light pattern from light scattering at the inner wall
of the capillary channel, and the detection means comprises
at least a sensor positioned in the image plane for detecting
said scattered light pattern.

5. An apparatus as in claim 4 wherein alignment of the
capillary channel with respect to the radiation means is
deemed achieved when scattered light from two points on
the inner wall of the capillary channel in its diametral plane
are of intensities that are substantially equal or in a given
ratio, and wherein there are at least two sensors positioned
in the image plane for detecting said scattered light from said
two points and providing feedback to the control means.

6. An apparatus as in claim § wherein the detection means
further comprises means for imaging the diametral plane of
the capillary channel onto the image plane.

7. An apparatus as in claim 6 wherein the image plane is
defined by a plate having an aperture defined thereon
wherein the aperture is sized-to allow passage of fluores-
cence but small enough to block scattered light from the
capillary channel.

8. An apparatus as in claim 7 wherein the sensors are
positioned near the aperture.

9. An apparatus as in claim 8,wherein the radiation means
also causes fluorescence of contents in the capillary channel.

10. An apparatus as in claim 9 wherein the radiation
means comprises a laser. |

11. An apparatus as in claim I wherein the illumination
from the radiation means interacts with the capillary tube to
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produce a pattern of an elongated spot of transmitted illu-
mination from the radiation means onto the image plane,

whereby the capillary channel is deemed aligned with
respect to the radiation means by observing the intensity
distribution of the spot.

12. An electrophoresis apparatus comprising:
a capillary tube defining a separation channel;

means for causing electrophoresis of a sample to separate
Into its components;

radiation means for illuminating a defined section of the
separation channel, the illumination from the radiation
means coupled into the capillary tube via a lens move-
able by an actuator, the illumination from the radiation
means interacting with the capillary tube to produce a
distinct light pattern at an image plane outside the
capillary tube; and |

alignment means comprising the actuator for aligning the
capillary channel with respect to the radiation means
based on the distinct light pattern.

13. A method of aligning a capillary with respect to a

radiation source comprising the steps of:

providing a capillary tube which defines a capillary chan-

nel; |

providing a radiation means for illuminating a defined
section of the capillary channel, the illumination from
the radiation means coupled into the capillary tube via
a lens moveable by an actuator, the illumination from
the radiation means interacting with the capillary tube
to produce a distinct light pattern at an image plane
outside the capillary tube; and

aligning the capillary channel with respect to the radiation
means based on the distinct light pattern by moving the
lens to direct the illumination from the radiation means.

14. A method as in claim 13 wherein the aligning step
comprises detecting the distinct light pattern.

15. An apparatus as in claim 14 wherein the aligning step
further comprises controlling alignment of the capillary
channel with respect to the radiation means based on feed-
back from the detected distinct light pattern.

16. A method as in claim 15 wherein the illumination from
the radiation means interacts with the capillary tube to
produce a pattern from light scattering at the inner wall of
the capillary channel and the detecting step further com-
prises providing at least a sensor positioned in the image
plane for detecting scattered light.

17. A method as in claim 16 wherein alignment of the
capillary channel with respect to the radiation means is
deemed achieved when scattered light from two points on
the inner wall of the capillary channel in its diametral plane
are of intensities that are substantially equal or in a given
ratio, and wherein there are at least two sensors positioned
in the image plane for detecting said scattered light from said
two points and providing feedback to the control means.

18. A method as in claim 17 wherein the detecting step
further comprises imaging the diametral plane of the capil-
lary channel onto the image plane.

19. A method as in claim 18 wherein the detecting step
comprises providing a plate having an aperture which
defines the i1mage plane wherein the aperture is sized to
block scattered light from the capillary channel.

20. A method as in claim 19 wherein the sensors are
positioned near the aperture.

21. A method as in claim 20 wherein the radiation means
also causes fluorescence of contents in the capillary channel.

22. A method as in claim 21 wherein the radiation means
comprises a laser.




5,534,707

11

23. A method as in claim 13 wherein the illumination from
the radiation means interacts with the capillary tube to
produce a pattern of an elongated spot of transmitted 1llu-
mination from the radiation means onto he image plane,
whereby the capillary channel is deemed aligned with
respect to the radiation means by observing the intensity
distribution of the spot.

24. A method of electrophoresis comprising the steps of:

providing a capillary tube which defines a separation
channel;

causing electrophoresis of a sample to separate into 1its
components;

providing a radiation means for illuminating a defined
section of the separation channel, the illumination from
the radiation means coupled into the capillary tube via
a lens moveable by an actuator, the illumination from
the radiation means interacts with the capillary to
produce a distinct light pattern at an image plane
outside the capillary tube; and

aligning the separation channel with respect to the radia-
tion means based on the distinct light pattern by mov-
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ing the lens to direct the illumination from the radiation
means.

25. An apparatus as claimed in claim 1, wherein the
illumination from the radiation means interacts with the
capillary rude and alignment is effecied by relying on a
distinctive shadow cast on a plane by an element in the
apparatus.

26. A method of aligning a capillary 1n an apparatus with-
respect to a radiation source comprising the steps of:

providing a capillary tube which defines a capillary chan-
nel; |

providing a radiation means for illuminating a defined
section of the capillary channel, the 1llumination inter-
acting with the capillary tube to produce a distinctive
shadow cast on a plane by an element in the apparatus,
wherein the illumination from the radiation means is
coupled into the capillary tube via a lens, which lens 1s

moveable by means of an actuator; and

aligning the capillary channel with respect to the radiation
means based on the distinctive shadow.

ko ok ok %k 0k
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